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Summary.-The chromosomes of 12 samples of cultured Chinese hamster kidney
and prostate cells (4 normal and 8 transformed), whose tissue culture properties
have already been described (Kirkland, 1976) have been examined for numerical
change and for the appearance of abnormal markers. Six transformed kidney
subclones contained a consistent telocentric marker not present in the normal
parental cell, and Giemsa banding demonstrated this to be the centromere and the
long (q) arm of the number 4 chromosome in all cases. Two transformed prostate
subclones also contained a consistent telocentric marker, not present in similarly
derived normal subclones or in the normal parental cell, and Giemsa banding
demonstrated this to be a different fragment (the centromere and most of the p arm)
of the number 4 chromosome. It is believed that the use of a mixed-serum culture
medium, designed to stabilize the karyotype of cultured Chinese hamster cells, is at
least partly responsible for the detection of these transformation-associated chromo-
some changes.
A NUMBER of reports in recent years
have presented conflicting evidence as to
whether specific chromosome changes are
related to chemically induced malignancy.
Some workers have observed non-random
chromosome changein tumoursinducedby
7,12-dimethylbenz(x)anthracene (Ahlst-
rOm, 1974; Mitelman et al., 1972a, b),
whereas Olinici and DiPaolo (1974) were
unable to detect specific chromosome
changes in tumours induced by the same
chemical. Similarly, Benedict et al. (1975)
discovered-specific chromosome changes in
Syrian hamster cell lines transformed by
1-/I-D-arabinofuranosylcytosine and dime-
thylnitrosamine, but other workers found
no correlationbetween chromosome change
and spontaneous transformation of rat
cells (Jackson, Sanford and Dunn, 1970)
or chemically induced transformation of
Syrian hamster cells (DiPaolo, Popescu
and Nelson, 1973).
We have used the Giemsa banding
technique of Gallimore and Richardson
(1973) to characterize the karyotypes of
6transformedsubclones ofChinese hamster
kidney cells (CHMK/H) and 2 transformed
and 2 untransformed subclones of Chinese
hamster prostate cells (CHMP/E) which
have been derived from experimental
cultures and described elsewhere (Kirk-
land, 1976). To facilitate this investiga-
tion, all cells have been grown in a mixed-
serum culture mediumpreviouslydescribed
(Kirkland, 1976) which, according to its
original exponents (Yerganian and Lav-
appa, 1971), was designed to minimize
spontaneous breakdown of the karyotype
of Chinese hamster cells during long-term
subculture.
MATERIALS AND METHODS
Cell culture.-The origin ofthe cell clones,
growth medium, isolation of subleones from
carcinogen-treated cultures, and the proper-
ties of the subclones were as described by
Kirkland (1976).
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Comitparisoni of mixed-serumn with single-
serum medium. Uncloned Chinese hamster
lung cells were derived by trypsinization in
the same manner as cells from other tissues
(Kirkland, 1976). The cells obtained w-ere
divided into equal batches and grown for 4
passages either in mixed-serum Yerganian's
Medium (YM; Kirkland, 1976) or in a single-
serum medium (SSM) comprisingEagle's mini-
mal essential medium supplemented with 15%
foetal bovine serum (Gibco Bio-cult Ltd,
Glasgow,), 0.2%o (w/v) sodium bicarbonate
(reagent grade), 100 i.u./ml penicillin and
100 jug/ml streptomycin. Metaphase spreads
were prepared from each batch at the end of
4 passages and the chromosome distributions
compared.
Cytological studies.-Uncloned lung cells
grown in SSM and YM, cloned kidney cells
(CHMK/H) at the time ofchemical treatment,
6 transformed subelones of CHMK/H derived
from treated and untreated cultures (Kirk-
land, 1976), cloned prostate cells (CHMP/E),
2 normal sublcones (A and E) and 2 trans-
formed subclones (F and G) of CHMP/E
derived from treated cultures (Kirkland,
1976, Table IV) were arrested in mitosis with
colcemid (CIBA-Geigy Ltd, Basle, Switzer-
land) and metaphase spreads were prepared
by the method described by Kirkland and
Venitt (1976).
Chromosome spreads w-ere stained with
Gurr's Giemsa R66 (Searle Ltd, U.K.) and
at least 50 consecutive metaphases examined
at a magnification of x 1250 to provide
chromosomedistributions. The Giemsa band-
ing method of Gallimore and Richardson
(1973) w%Nas used as previously described
(Kirkland and Venitt. 1976) on the following
cells: normal diploid lung cells (comparable
with CHMK/H, Fig. 1), the 6 transformed
CHMK/H subelones, normal CHMP/E cells,
the 2 normal and 2 transformed subelones of
CHMP/E.
RESULTS
Comparison of mixed-serum (YM) with
single-serum medium (SSM)
The chromosome distributions of iden-
tical batches of Chinese hamster lung cells
grown for 4 passages in either SSM or
YM are shown in Table I. Growth of the
lung cells in YM has retained a higher
proportion of diploid (2n 22) cells
(740,%) than growth in SSM (53o%) and
consequently has markedly reduced the
proportion and range of aneuploidy.
These results should be directly compar-
able as both cultures were grown alongside
one another in the same incubator and
all chromosome preparations were made
at the same time. There is a much higher
proportion of hypodiploids in those grown
in SSM (410% compared with 6% hyper-
diploid) than those grown in YM (20%
compared with 6% hyperdiploid), which
may indicate more cell bursting during
preparation. This should not be so as
the two preparations were made simul-
taneously. It is possible that hypo-
diploids generated. spontaneously in vitro
grow less readily in YM than in SSM.
Cytological studies on normal and
transformed cells
(i) Kidney cells. The chromosome
distribution for parental kidney
(CHMK/H) cells at the time of treatment
is shown in Table II. There was a clear
mode of 22 chromosomes, and when
karyotyped in the unbanded state (Fig. 1),
these cells were seen to be truly diploid.
Chromosome distributions for the 6
subelones of CHMK/H, derived from
chemically treated and untreated cultures,
TABLE I. Chromnosomie Distributions of Uncloned Chinese Halmster Lang Cells
Cultured for 4 Passages in either Single Serum Medium (SSM) or Mixed-Serum
Medium (YM)*
Percentage of cells containinig chromosome inumbers:
Cuiltuire mecliuim
SSAI
YMT
No. of metaphases
coulntd(l
60
50
15 16 17 18 19 20 21
2 2 3 4 5 10 15
0 0 0 0 2 4 14
* Modal chromosome niumber in italics.
22
53
74
2:3
0
6
28
2
0
43
2
0
44
2
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FIe. 1. Karyotype of parental Chinese
hamster kidney cells (CHMK/H) showing
them to be truly diploid. Giemsa. x 960.
are shown in Table II. Each subclone
had transformed morphology, formed
colonies in soft agar and showed an
altered modal chromosome number of 23.
The extra chromosome was a small
telocentric of consistent size occurring
in >98%0 of the cells of each subclone
(>40 cells in each subelone being analysed
in detail).
Every Giemsa-banded karyotype of a
transformed cell from subelones A-F
revealed (Fig. 2) that the telocentric chro-
mosome was a consistent marker. Giemsa
banding also showed that the marker was
derived from the centromere and long arm
(q) ofthe number 4 chromosome (classified
accordingtothesystemofKatoandYosida,
1972). Comparison ofthis karyotype with
that of a normal diploid Chinese hamster
cell (a lung cell from a primary culture is
shown but, as seen above, the parent
CHMK/H cells were trulydiploid (Fig. 1)),
revealed that the additional marker in
the transformed cells was the only change.
Half of the 2% of parental CHMK/H
cells which had 23 chromosomes contained
the telocentric marker seen in the trans-
formed subclones. It would seem that
cells containing this marker have a
selective advantage over the parental
karyotype and rapidly become dominant
in the culture such that they are readily
isolated.
(ii) Prostate cells. The chromosome
distribution for the parental prostate
clone (CHMP/E) is shown in Table III,
and it will be seen that this clone has a
near-diploid mode of 24 chromosomes and
a subpopulation with 48 chromosomes,
82%0 of this subpopulation being endo-
reduplicated. Analysis of the Giemsa-
banded karyotype revealed (Fig. 3) a
chromosome complement containing a
normal diploid set with an additional
chromosome 9, and an isochromosome
derived from number 4, consisting of
two q arms symmetrically (lisposed about
a median centromere. Certain chromo-
somes illustrated in Fig. 3 are shorter
than their homologues, but detailed
analysis of their banding patterns sug-
gested this was due to differential contrac-
tion rather than deletion. Despite their
deviation from diploidy, CHMP/E cells
had normal morphology and did not grow
in soft agar (Kirkland, 1976; Table I1V).
Chromosome distributions for the 2
normal (A and E) and 2 transformed
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TABLE II.-Chromosome Distributionsfor Chinese Hamster Kidney Cells (CHMK/H)
at the Time ofTreatment with 3-methylcholanthrene (MCA) and of 6 Subelones Isolated
from Treated and Untreated Plates
Cell
culture *
CHMK/H
Subelone A
Subclone B
Subelone C
Subelone D
Subelone E
Subelone F
Treatment
(Ug/ml
MCA)
None
None
2-5
5 0
10-0
5 0
5-0
Morphologyt
N
T
T
T
T
T
T
Growth
in soft
agar*
+
+
+
No. of Percentage of cells containing chromosome
meta- numbers* *
phases A
counted 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 >30
100 1 0 5 2 6 4 7 15 43 2 1 1 0 1 0 12
100 0 0 0 0 2 5 5 6 16 49 5 5 0 0 0 7
100 0 0 1 0 1 1 5 4 15 59 9 0 0 0 0 5
100 0 1 0 0 1 2 3 10 15 37 151 0 0 1 14
100 1 2 0 3 4 0 6 8 15 39 9 3 0 0 0 10
100 0 1 0 2 2 2 0 8 9 59 12 1 1 0 0 3
100 1 0 0 2 2 0 3 6 5 37 32 6 5 0 0 1
* Details of cells and properties are in Kirkland, 1976, Table I.
t N = normal, T = transformed morphology at time of agar growth test and chromosome analysis.
* * Modal chromosome number in italics.
FIG. 2.-Giemsa-banded karyotypes ofa normal diploid cell (Chinese hamster lung is shown) and ofa
transformed cell derived from CHMK/H, showing a marker chromosome M. All 6 transformed
kidney subelones contained this marker. x 1300.
(F and G) subelones derived from treated
CHMP/E cultures (Kirkland, 1976; Table
IV) are also shown in Table III. The
only noticeable difference between the
distributions of normal (A and E) and
transformed (F and G) subclones is the
presence of clear modes of 23 and 24 for
A and E respectively (the subpopulation
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TABLE III.-Chromosome Distributions for Chinese Hamster Prostate Cells (CHMP/E)
at the Time ofTreatment with N-methyl-N-nitrosourea (MNU), andfor 4 Subelones
Isolatedfrom Treated Plates
Treat-
ment
Growth
in
No. of
meta- Percentage of cells containing chromosome numbers* *
Cell (pg/ml Morph- soft phases
culture* MNU) ologyt agar* counted 21 22 23 24 25 26 27 28 30-40 42 43 44 45 46 47 48 49 50 >50
CHMP/E None N - 50 0 4 6 66 2 0 0 0 0 00000022 0 0 0 Subclone
A 50 N - ) 2 14 52 8 0 0 2 0 0 0 0 6 0 6 0 6 0 0 4 Subelone
E 100 N - 50 0 2 6 54 6 0000 0 0 2 0 4 0 26 0 0 0 Subelone
F 100 T + 50 2 2 22 28 6 6 2 0 4 0 0 2 0 10 2 6 2 0 6
Subclone
G 100 T + 50 2 2 4 2 6 10 2 2 18 4 148 8 2 4 2 2 2 10
* Details of cells and properties are in Kirkland, 1976, Table IV.
t N = normal, T = transformed morphology at time of agar growth test and chromosome analysis. * * Modal chromosome number in italics.
£ IG. o.-uiemsa-bancect karyotype ot parental Chinese hamster prostate cells (CHMP/E) containing 24 chromosomes. Reference to the normal diploid karyotype in Fig. 2 reveals the two additional chromosomes as a number 9 and a chromosome derived from two long arms ofnumber 4. x 1100.
with 48 chromosomes in E consists mainly
of endo-reduplicated cells like the parent
CHMP/E), whereas there is no clear mode
and a much wider spread of chromosome
number in F and G.
Anumber ofabnormalities were seenin
each subelone and some are illustrated
in Fig. 4 (loss of isochromosome 4, loss of
Y, translocation to 7 and newchromosome
in E, additional Y and trisomy 10 in F,
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FIG. 4.-Giemsa-banded karyotypes of 4 subelones (2 normal and 2 transformed) isolated from
CHMP/E cultures treated with N-methyl-N-nitrosourea. A marker chromosome derived from
the number 4 is present only in transformed subclones F and G. x 1200.
and trisomy 5 and loss of 9 in G) but the
only consistent change was a small
telocentric chromosome, not present in
either parental CHMP/E cells or normal
subclones A and E, but found in >97%
of all the metaphases analysed in detail
(>70 in number) for each of the trans-
formed subclones F and G. Giemsa
banding again revealed this to be a
consistent marker chromosome (Fig. 4),
and again to be a fragment ofthe number 4
chromosome, butthistimeconsisting ofthe
centromere and most ofthe short (p) arm.
DISCUSSION
Jackson et al. (1970) reported that for
cultured rat cells, after a period of initial
stability, the ploidy of the cells changed
and abnormal chromosomes appeared,
but that this was in no way related to
transformation. Olinici and DiPaolo
(1974) observed a number of chromosomal
aberrations occurring in Syrian hamster
cells treated with 7,1 2-dimethylbenz(a)
anthracene, but saw similar changes in
control cells.
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The evidence presented here (Table I)
indicates again that in certain culture
conditions (i.e. single-serum medium as
normally used for routine cell culture)
spontaneous changes in chromosome num-
ber can occur very readily. In such a
situation, we feel that any specific chro-
mosome changes associated with a putative
malignant change (induced or spontan-
eous) would be likely to be masked as a
result of the instability of the karyotype.
We have therefore attempted to stabi-
lize the karyotype of the Chinese hamster
cells used in the present study by follow-
ing the suggestions of Yerganian and
Lavappa (1971), and culturing the cells
in a mixed-serum medium. A com-
parison of the chromosome distributions
in Table I shows that a mixed-serum
medium has apparently caused a reduction
in the proportion of aneuploidy in the
Chinese hamster cell population: the
system is still not perfect in that 100%
diploidy is not achieved.
Using Yerganian's medium (YM) for
the culture of kidney cells, we have not
only been able to detect a very simple
numerical change (22 to 23) associated
with transformed properties (Table II) but
have demonstrated that the abnormal
telocentric was a consistent marker in
>98% of all the cells in each of the 6
transformed subelones, and by Giemsa
banding revealed its origin as the centro-
mere and q arm of the number 4 chromo-
some (Figs. 1, 2).
Transformed subclone A derived from
CHMK/H (Kirkland, 1976; Table I) was
isolated from an untreated plate, and yet
it shows the same karyotypic change as
the other subelones isolated from 3-methyl-
cholanthrene-treated plates. Subelone A
must be a spontaneous transformant, so
it could be argued that transformation
following chemical treatment is merely
an enhancement of a spontaneous event.
This seems very likely in view ofthe small
number (1%) of cells in the parental
CHMK/H clone which contained the
marker, this particularkaryological change
apparently being at a selective advantage
over other types in the same population.
All attempts to isolate normal subelones
from experimental cultures failedwhenthe
cells died. This may indicate that normal
diploid CHMK/H had reached the end
of a natural lifetime in culture, as Hayflick
(1965) observed in human cells, and at a
crisispoint hadeitherdiedorspontaneously
transformed. If this were so, it could be
argued that all 6 CHMK/H subclones
would effectively be spontaneously trans-
formed, methylcholanthrene having little
or no effect, and the marker chromosome
would be associated with spontaneous
transformation.
Transformed prostate cells (CHMP/E)
showed no consistent deviation in chromo-
some number eitherfrom normal subelones
derived from treated cultures or from the
parent clone (Table III). However, an
abnormal telocentric chromosome was
again detected only in the 2 transformed
subelones F and G, and in >97% of their
cells. Although this was a different frag-
ment (beingthe centromere andmostofthe
p arm), it was again a consistent marker
derived from the number 4 chromosome
(Figs. 3, 4). Nospontaneously transformed
prostate cells were detected (Kirkland,
1976; Fig. 3), and therefore it is fair to
assume that transformation in this case
resulted from the action of N-methyl-N-
nitrosourea.
Benedict et al. (1975) have shown that
if the numerical balance between two
groups (5 and 7) of the chromosomes of
cultured Syrian hamster cells is disturbed
in a particular direction, highly malignant
cells result. We have shown here that
an even more specific change involving the
number 4 chromosome of the Chinese
hamster occurs only in those subclones
showving morphological evidence of trans-
formation and the ability to grow in soft
agar, two characteristics thought to be
associated with malignant transformation.
We feel that the use of a culture medium
designed to stabilize the karyotype of the
cultured cells is at least partly responsible
for this observation, and may be a useful
means of isolating specific chromosomal
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changesfromthewealthofrandomchanges
we know to occur in vitro and in vivo.
Such studies ofearly changes could shed a
welcome light on tumour aetiology. Cer-
tainlyinthe Chinese hamster, chromosome
4 seems particularly susceptible to change,
either spontaneously or as a result of
chemical treatment in vitro. Our data
suggest that such changes may be asso-
ciated with an alteration in the properties
of cells to those which some authors
believe are characteristic of malignanicy.
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